According to previous epidemiological studies, the main circumstances for asbestos exposure that have been investigated are as follows: occupational, domestic, and environmental exposure.
Occupational exposure occurs among people who are exposed due to work-related activities. Domestic exposure usually occurs among people who live with a person exposed in the workplace, and is thus a result of asbestos fibers brought home by those cohabitants.
Another kind of domestic exposure is a result of the use of asbestos material or crushed asbestos material at home. Environmental exposure usually occurs among people who live in the vicinity of a natural source of asbestos or a factory using asbestos. Domestic and environmental exposure could be referred to as nonoccupational exposure in general. 10, 14, 15 In Japan, public awareness of asbestos-related health issues arose in 2005, popularly referred to as the "Kubota Shock"; a report was released that detailed 51 workers who died from asbestosrelated diseases during the last 10 years, and 5 residents living near a now-defunct asbestos cement pipe plant of Kubota Kanzaki factory who developed pleural mesothelioma. 16 The plant was located in Amagasaki City, Hyogo Prefecture, in the southwestern region of Japan (Figure 1 ), which used a mixture of crocidolite and chrysotile from 1957 to 1975 (referred to hereafter as "the asbestos-use period"). 17 Moreover, asbestos was also used in relatively smaller quantities at several other factories in the city. 18 Consequently, residents living in Amagasaki City during the asbestos-use period could be exposed to high levels of asbestos fibers in the air surrounding those factories and thus were particularly considered the subjects in investigating the health effects of asbestos exposure.
To the best of our knowledge, epidemiological studies undertaken to evaluate the risk of asbestos-related diseases in Amagasaki City are few. [19] [20] [21] [22] [23] Considering the typical long latency period of mesothelioma, former estimations need to be updated in order to reflect the latest public health consequences of exposure to asbestos. A population-based cohort study was therefore carried out with the main aim of updating the measure of risk of death from all causes, lung cancer, and mesothelioma associated with exposure to asbestos in Amagasaki City.
| MATERIAL S AND ME THODS

| Long-term residents' cohort
The long-term residents' cohort included 143 929 subjects living in Revision. Lung cancer and mesothelioma deaths were identified using codes C34 and C45, respectively. Because the data were anonymous, the cohort was linked to the Vital Statistics using the following linkage keys: gender, date of birth, and date of death.
A total of 20 508 and 18 038 deaths were identified in men and women, respectively: 1953 men and 730 women died from lung cancer and 192 men and 111 women died from mesothelioma during the follow-up period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
Person-years, divided into 5-year age groups, were calculated for each individual. Collectively, 66 318 men and 77 611 women in the cohort accumulated 737 079 and 908 814 person-years, respectively, of exposure over the 14 years of follow-up.
| Short-term residents
The annual population of the whole city was obtained from the official website of Amagasaki City, tabulated by the 5-year age group and gender. 24 Although the data source is not individual, it could be used as the denominator in calculating the death rates of the whole city, after being converted to person-years when multiplied to each annual population by a single calendar year, whereas the numbers of deaths in the whole city from 2002 to 2015 can be obtained from 
| Standardized mortality ratios
The standardized mortality ratio (SMR) was calculated with its 95% confidence interval (CI) for the whole city, and the long-term residents' cohort compared to the short-term residents according to all-cause deaths, lung cancer, and mesothelioma, by dividing the number of observed deaths by the number of expected deaths that would have occurred. The expected number of deaths was calculated using the Japanese annual sex-and age-specific death rates.
These death rates were calculated by dividing the number of deaths by the national population within each 5-year age group and sex cat- TA B L E 1 Age distribution of all long-and short-term residents of Amagasaki City, Japan, according to gender at the beginning of follow-up
TA B L E 2 Person-years, number of all-cause deaths, and death rate according to age group and gender among all long-and short-term residents in Amagasaki City, Japan P-value of <.05. Informed consent was waived because official data were used. The study protocol was approved by the Institutional Review Board of Osaka University (Suita, Japan).
| RE SULTS
Age distribution of the whole city, long-, and short-term residents according to gender at the beginning of the follow-up period is shown in Table 1 . A total of 66 318 men and 77 611 women aged 40 years or more were included in the long-term residents' cohort, whereas 47 746 men and 47 753 women were included in the shortterm residents. In the long-term residents' cohort, the subjects were mainly distributed in the 50-to 79-year age group. In contrast, the majority of short-term residents were aged 40-59 years. No significant gender differences in age distribution could be observed in the long-or short-term residents. Table 2 presents the person-years, number of deaths, and death rate (per 100 000) of all-cause death by 10-year age groups and gender among the whole city and long-and short-term residents.
The total person-years decreased in the long-term residents' cohort, but increased in the short-term residents over 3 analysis periods.
The decreasing trend in the long-term residents' cohort could be explained by death or outmigration. Furthermore, as people younger than 40 years were excluded in the cohort, there was no younger generation under 40 years of age that could move to the older age group over the follow-up period. By contrast, the increasing trend in the short-term residents was observed due to the presence of both inmigration and outmigration. As a result, the age distribution was different between the long-and short-term residents. In total, the proportions of long-term residents' cohort to the whole city, in person-years, decreased from 53.0% to 34.0% in men and 57.3% to 39.5% in women over 3 analysis periods. When we focused on those proportions by age group within each analysis period, the age group with a high proportion of long-term residents was found to be elderly people, particular those aged over 70 years. With regard to the total death rate over 3 analysis periods, the death rate of long-term residents increased from 2372.8 to 3376.3 in men, and from 1640.3 to 2447.5 in women, whereas no significant changes were observed among short-term residents.
The SMRs are shown in Table 3 , according to causes of death among the whole city and long-and short-term residents by period and gender. The overall SMRs of mesothelioma in the long-term residents' cohort were 6.75 in men and 14.99 in women, which was markedly increased compared to the short-term residents. The
SMRs of mesothelioma in short-term residents were also higher than that of the national level, namely 3.45 in men and 5.40 in women.
Furthermore, women presented a notably higher SMR for mesothelioma than men, observed in both the long-and short-term residents.
In addition, the SMR of mesothelioma in the long-term residents'
cohort had an increasing trend in women across the subperiod of follow-up. Moreover, the results for mesothelioma, lung cancer, and all-cause deaths showed a small but significant extent of excess mortality, representing the SMRs of 1.28 in men and 1.23 in women for lung cancer, and 1.12 in men and 1.07 in women for all-cause deaths in the cohort. Furthermore, these 2 causes of death showed a relatively lower SMR in the long-term residents' cohort than in the short-term residents. However, no gender differences were noted in lung cancer or all-cause deaths.
| D ISCUSS I ON
| Mesothelioma
We observed that in the long-term residents' cohort 6.75 times more men and 14.99 times more women, compared to their age-mates in the national general population, died of mesothelioma, which is consistent with the findings of other earlier studies in Amagasaki City. 19, 21, 23 A large amount of asbestos was processed in the manufacturing plants in Amagasaki City from 1957 to 1975. 18 Thus, more residents in Amagasaki City were employed in those asbestosrelated factories, which predominantly consisted of male workers who were occupationally exposed to asbestos. As a consequence, the frequency of subjects who had an experience of occupational exposure to asbestos was higher in the long-term residents' cohort, compared to the national general population. This is the reason why SMRs increased in the long-term residents' cohort, in particular for men who were more likely to have experienced occupational exposure.
The present study showed a higher excess of mesothelioma among women than men in the long-term residents' cohort. This can be partly explained due to the difference in national rates between men and women. The national rates in men are higher than those in women due to the predominant frequent occupational exposure to asbestos among men compared to women. However, due to the concentration of asbestos-related factories in Amagasaki City, asbestos fibers suspended in the air could be inhaled by people living in the neighborhood of those factories. 1, 19 Therefore, the risk of mesothelioma could arise from environmental exposure to asbestos. In addition, because of the high frequency of asbestos-related workers in the city, more people who were living with those workers might be exposed to asbestos fibers brought home by them. As a result, the risk of mesothelioma could arise from domestic exposure to asbestos as well. Hence, the notably higher SMRs shown in women, the vast majority of whom were less likely to be occupationally exposed, suggested that a substantial proportion of mesothelioma cases were attributable to non-occupational asbestos exposure among women in Amagasaki City, which is much higher than the national level.
There remains the possibility that the increased SMRs could be affected by the occupational exposure to asbestos among women as well, although the impact would be limited compared to that among men.
When the cohort was separately analyzed for each period, SMRs of mesothelioma were found to be almost unchanged in men (from 6.26 to 6.96), but were increased in women (from 11.77 to 18.03). The difference in trend between men and women could be TA B L E 3 Standardized mortality ratios according to causes of death by period and gender among all long-and short-term residents in Amagasaki City, Japan
Cause of death
Period
Whole city explained by the changes in the national rate. The asbestos-use period in Amagasaki City was supposed to be almost the same as that in the nationwide. Moreover, the death rate for men in the cohort increased throughout the follow-up, which was in accordance with the nationwide data. Thus, the SMR in men could remain constant.
In contrast, the national rate for women was maintained at a low level because the nonoccupational exposure to asbestos is seldom assessed all over the country. However, the death rate for women was increasing in the cohort throughout the follow-up period. As a result, the increasing trend of SMR occurred among women in the long-term residents' cohort.
When we compared the SMRs between the long-and the shortterm residents, the SMRs for mesothelioma were remarkably higher among the long-term residents. This suggested that long-term residents who lived in Amagasaki City during the exposure period suffered from mesothelioma.
Moreover, a significant excess in mesothelioma mortality was also found among the short-term residents' population. Nine out of 
| Lung cancer
A significantly increased risk of death from lung cancer was also observed in the long-term residents' cohort compared to the national general population. Furthermore, the risk in the long-term residents' cohort was found to be lower than that in short-term residents, which is different from the result in mesothelioma. If the excess mortality for lung cancer in the long-term residents' cohort was affected by exposure to asbestos, their SMRs should be higher than among the short-term residents. Thus, the higher SMR in shortterm residents implied that the excesses in lung cancer attributed to other risk factors rather than exposure to asbestos in the present study. The relationship between asbestos exposure and lung cancer risk has long been studied and is complicated, mainly because both smoking and asbestos exposure are important risk factors for lung cancer and even have a multiplicative effect when combined. 25, 26 In addition, Amagasaki City was an air pollution designated area, which is another risk factor of lung cancer. Thus, information on smoking status and air pollution is required to explain the lung cancer excess mortality.
| All causes
Similar to the results in lung cancer, although the SMRs from all causes were higher both in the long-and short-term residents than those at the national level, people in the long-term residents' cohort had a relatively lower mortality compared to the short-term residents. Therefore, excesses in all-cause mortality could be attributed to other risk factors rather than exposure to asbestos alone. The risk factors that can be considered include not only lifestyle habits in general, such as smoking, alcohol consumption, or obesity, but also the social capital of the local community.
The main strength of this study is the long duration measured as the length of time from onset of exposure to the occurrence of mesothelioma. The latency of mesothelioma between initial time of exposure to asbestos and the onset of disease is typically longer than 30 years. 27 In the present study, the length of this duration was up to a maximum of 59 years, so that more cases of mesothelioma could be detected. Another advantage of our study is that mortality in the long-term residents' cohort was investigated using the official data at an individual level, which has not been executed so far. Moreover, the long-and short-term residents were also compared, which helps in understanding the contribution of exposure to asbestos in different causes of death.
Nevertheless, the study design has some limitations. First, nonoccupational asbestos exposure alone was not separated from occupational exposure. Because information on occupational history cannot be obtained in the official data, the subjects who might be exposed to occupational asbestos were included in the long-term residents' cohort. Moreover, deaths due to occupational asbestos exposure cannot be excluded with the use of the national mortality rates. Thus, a case-control study nested within the long-term residents' cohort is ongoing. Another limitation was that some unmeasured confounders, such as smoking habits and air pollution, could exist. Thus, exposure to asbestos might not be the only risk factor to explain the differences in SMR between long-and short-term residents or between Amagasaki City and nationwide.
In conclusion, the present study provides updated quantitative information on the risk of mesothelioma and lung cancer in a unique urban area where the asbestos-related factories were concentrated in Japan. The increased SMR of mesothelioma suggests the impact of occupational asbestos exposure among men and nonoccupational asbestos exposure among women in the long-term residents' cohort. In addition, a high level of excess mortality from mesothelioma persists, despite the mixture of crocidolite and chrysotile not being used for three or four decades. Further studies are needed to refine our understanding in the future. 
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